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FIRE RETARDANT COMPOSITION FOR COMPOSITES 

BACKGROUND OF THE INVENTION 
This invention involves improving the fire resisting properties of 
resinous composite materials. Composite materials, most commonly fiber 
glass reinforced plastics, often in the form of laminates, offer a number of 
advantages in replacing conventional building materials such as wood, 
concrete, or metal. However, a disadvantage heretofore for composites has 
been their relatively poor ability to resist the spread of fire. This shortcoming 
is addressed herein. 

It has been known to use intumescent coatings to provide 
prolonged structural integrity to walls, beams and other elements of buildings 
or vessels when subjected to the stress of fire. This approach is exemplified 
by U.S. Patent No. 4,529,467 (Ward et al.). Intumescent compositions 
contain ingredients that react upon heating to generate gases and form a 
residue with low combustibility. The generated gases expand the residue into 
a foam layer with thermal insulating properties. Typically, the residue is a 
carbon char formed by the dehydration of a polyhydric substance such as a 
polyalcohol. The gas generating components of the coating are selected so 
that their products of decomposition do not readily support combustion, e.g., 
water, carbon dioxide, or ammonia. While these intumescent coatings are 
suitable for application onto metal surfaces in industrial settings such as 
refineries, ships, and drilling platforms, their textured appearance does not 
lend themselves to some uses. In particular, it is not considered esthetically 
acceptable to apply such coatings onto composite panels that otherwise 
present a smooth, hard, finished surface. These panels may find use, for 
example in transit vehicle components and in interior building modules, where 
appearance and a durable finish are important considerations. Compatibility 
of such coatings with the polymeric surfaces of the composite materials is 
also a concern. 
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Separately from the intumescent coating approach, 
considerable effort has been made to improve the fire resistance of polymeric 
materials themselves, some of them intended for use in composites. Various 
combinations of additives have been proposed for blending with the polymeric 
resin systems used for molding or laminating composites. Inorganic fillers are 
included in some compositions to reduce their combustion potential, but 
inclusion in composite resins in significantly effective amounts can 
compromise the strength and/or appearance of the composite. Many of the 
proposals involve adding a halogenated compound to the resin, but this has 
the drawback of generating corrosive gases and smoke upon combustion. 
Other additives such as arsenic or antimony compounds also have toxicity 
concerns. 

Other approaches involve adding easily decomposable 
substances to the polymers that generate incombustible gases upon heating 
such as ammonium phosphates or hydrated alumina. Commonly used are 
the ammonium polyphosphates having the general formula: 

(NH 4 ) n+2 P n 0 3n+1 

in which n is an integer equal to or higher than 2, preferably higher than 20 to 
provide low water solubility. An example of such a polyphosphate is "Phos- 
Chek P\30" (manufactured and sold by Solutia, Inc.) having the composition 
(NH 4 P0 3 ) n , in which n is higher than 50. Other phosphate examples include 
those derived from amines, such as dimethylammonium and 
diethylammonium phosphate, ethylenediamine phosphate, and melamine 
ortho- or pyrophosphate. 

It has also been suggested to add compounds to plastic that 
produce the intumescent effect; that is, upon thermal decomposition, provide 
gaseous products and carbonaceous residues. For this reason, the following 
have been disclosed as additives: polyalcohols, such as glycerol, trimethylol- 
ethane, trimethylol-propane, pentaerythritol, dipentaerythritol, 
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tripentaerythritol, 1 ,2,6-hexane-triol; carbohydrates in general (starch, 
cellulose, sugars); and nitrogen containing compounds, such as melamine, 
cyanuric acid, urea, thiourea, dicyandiamide, benzoguanamine and 
derivatives and condensation products thereof. In particular, it is known to 
yield a flame-retarding effect by combinations of a hydroxyalkyl-derivative of 
isocyanuric acid such as tris-(2-hydroxyethyl)-isocyanurate, together with a 
phosphorus-based product, such as ammonium polyphosphate, and another 
nitrogen-containing product, such as melamine, cyanuric acid, melamine 
salts, e.g., melamine cyanurate. The amounts of these additives that can be 
incorporated into the resins are also limited by the need to maintain the 
physical properties and appearance of the composites. 

It would be desirable to improve the degree of fire retardance in 
composites by means of additives to the resins that are used to make the 
composites, without significantly compromising the physical properties or 
appearance of the composites. 

SUMMARY OF THE INVENTION 
The present invention provides a fire retardant additive 
combination that can be incorporated into conventional curable resin systems 
used to make composites, whereby the composites are provided with 
intumescent properties that provide significant reductions in the flame spread 
index while using relatively small amounts of the additive. The invention also 
encompasses uncured resin compositions incorporating such an additive 
combination, as well as the resulting composites. 

The fire retardant additive of the present invention comprises 
the combination of a polyhydroxy compound, a polyphosphate, a nitrogen- 
containing compound, and a monomer having polyvinylic unsaturation such 
as a polyacrylate monomer. Although the first three constituents of this 
combination have been used in flame retardant compositions in the past, it 
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has been found surprisingly that a significant lowering of the flame spread 
index can be obtained when such a combination further includes the 
monomer having polyvinylic unsaturation. The effectiveness of this additive 
combination permits use of relatively small amounts of flame retardant 
additive in resin systems commonly used for making composites, such that 
physical characteristics of the composites are not significantly affected. 

Preferred embodiments of the compositions of the present 
invention have demonstrated flame spread index (as defined in ASTM E 162) 
below 15, and even below 10 in the most preferred embodiments. In these 
embodiments the resin content can advantageously be maintained above 30 
weight percent, preferably above 40 weight percent, of the total weight of the 
resin system plus fire retardant additives. 

The composition of the present invention does not require the 
use of halogens and is compatible with the curing mechanisms of 
thermosetting resin systems commonly used in composites. Viscosities of the 
compositions are suitable for the intended application without the need for 
detrimental levels of pigment loading. 

DETAILED DESCRIPTION OF THE INVENTION 
The curable resins to which are added a novel combination of 
fire retardant compounds in the present invention comprise conventional 
curable resin systems. The conventional curable resin systems are well 
known to those in the art of composite materials and are available from many 
commercial sources. By "curable" is meant that the composition has an initial 
state (either liquid or powder) in which it can be conveniently applied to a 
surface, and a final state in which it has been transformed into a more solid, 
coalesced state by chemical reaction, heat, or both. Typically the chemical 
reactions involve a main polymeric resin having reactive groups and a 
crosslinking monomer or oligomer. Catalysts may be employed to enable the 

- 4 - 

SUBSTITUTE SHEET (RULE 26) 



WO 01/29123 



PCT/US00/24436 



crosslinking reaction to be carried out at lower temperatures. Other resin 
systems may be self-crosslinking, in which case a separate crosslinking 
monomer may not be necessary. As used herein, "curable" is intended to 
also include those resin systems that are thermoplastically affixed onto a 
composite structure, in which case, "curing" would entail heating the resin to 
at least its deformation temperature, but without involving any essential 
chemical reactions. For these thermoplastic systems, the initial state of the 
resin may be powder, granular, or sheets. 

One type of resin commonly used in composites comprises 
unsaturated polyesters, which are well known in the art and do not require 
detailed description here. The polyesters are typically the product of 
polycondensation of dicarboxylic acids with a polyol, primarily diols. The 
polycarboxylic acids include unsaturated acids such as maleic acid (or 
anhydride) and fumaric acid and, optionally, some other acids as well, such 
as phthalic acid, isophthalic acid, terephthalic acid, adipic acid, or sebacic 
acid. The polyols are typically glycols of ethylene or propylene. Curing is 
usually effected by means of an unsaturated monomer such as styrene or 
methyl methacrylate catalyzed by a peroxide. Examples of peroxide catalysts 
include cumene hydroperoxide, benzoylperoxide, and methyl ethyl ketone 
peroxide. 

Alternatively, the resin may comprise an epoxy resin, i.e., one 
that contains at least one oxirane group in the molecule. Hydroxyl substituent 
groups can also be present and frequently are, as well as ether groups. 
Halogen substituents may also be present. Generally, the epoxy resins can 
be broadly categorized as being aliphatic, aromatic, cyclic, acyclic, alicylic or 
heterocyclic. Preferably aromatic epoxide resins are used. One particularly 
preferred group of aromatic epoxy resins are the polyglycidyl ethers of 
polyhydric aromatic alcohols, such as, for example, dihydric phenols. 
Suitable examples of dihydric phenols include resorcinol, catechol, 
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hydroquinone, bis(4~hydroxyphenyl)-1 ,1-isobutane; 4,4- 
dihydroxybenzophenone; bis(4-hydroxyphenyl)-1 , 1 -ethane; bis(2- 
hydroxynaphenyt)methane; 1,5-hydroxynaphthalene and 4,4'- 
isopropylidenediphenol, i.e., bisphenol A. Of the many epoxy compounds 
that may be utilized to synthesize the epoxy resins, the one principally utilized 
is epichlorohydrin, although epibromohydrin is also useful. The polyglycidyl 
ethers are obtained by reacting epichlorohydrin and bisphenol A in the 
presence of an alkali such as sodium or potassium hydroxide. The series of 
epoxy resins sold by Shell Chemical Company under the trademark EPON 
are useful. Another group of useful epoxy resins are the polyglycidyl ethers 
derived from such polyhydric alcohols as ethylene glycol; diethylene glycol; 
triethylene glycol; 1 ,2-propylene glycol; 1 ,4-butylene glycol; 1,5-pentanediol; 
1 ,2,6-hexanetriol; glycerol and trimethylolpropane. Also useful are the 
epoxide resins that are polyglycidyl ethers of polycarboxylic acids. These 
materials are produced by the reaction of an epoxy compound such as 
epichlorohydrin with an aliphatic or aromatic polycarboxylic acid such as 
oxalic acid; succinic acid; glutaric acid; terephthalic acid; 2,6-napthalene 
dicarboxylic acid and dimerized linoleic acid. Still another group of epoxide 
resins are derived from the epoxidation of an olefinically unsaturated alicyclic 
material. Among these are the epoxy alicyclic ethers and esters well known 
in the art. 

Epoxy resins also include those containing oxyalkylene groups. 
Such groups can be pendant from the backbone of the epoxide resin or they 
can be included as part of the backbone. The proportion of oxyalkylene 
groups in the epoxy resin depends upon a number of factors, such as the size 
of the oxyalkylene group and the nature of the epoxy resin. 

One additional class of epoxy resins encompasses the epoxy 
novolac resins. These resins are prepared by reacting an epihalohydrin with 
the condensation product of an aldehyde with a monohydric or polyhydric 
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phenol. One example is the reaction product of epichlorohydrin with a 
phenolformaldehyde condensate. A mixture of epoxy resins can also be used 
herein. 

The epoxy resins require the addition of a curing agent in order 
to convert them to thermoset materials. In general, the curing agents which 
can be utilized herein can be selected from a variety of conventionally known 
materials, for example, amine type, including aliphatic and aromatic amines, 
and poly(amine-amides). Examples of these include diethylene triamine; 3,3- 
amino bis propylamine; triethylene tetraamine; tetraethylene pentamine; m- 
xylylenediamine; and the reaction product of an amine and an aliphatic fatty 
acid such as the series of materials sold by Henkel Corporation under the 
name VERSAMID. Preferably the poly(amine-amide) materials such as 
VERSAMID or its equivalent are utilized. 

Also suitable as curing agents for epoxies are polycarboxylic 
acids and polycarboxylic acid anhydrides. Examples of polycarboxylic acids 
include di-, tri-, and higher carboxylic acids such as, for example, oxalic acid, 
phthalic acid, terephthalic acid, succinic acid, alkyl and alkenyl-substituted 
succinic acids, tartaric acid, and polymerized fatty acids. Examples of 
suitable polycarboxylic acid anhydrides include, among others, pyromellitic 
anhydride, trimellitic anhydride, phthalic anhydride, succinic anhydride, and 
maleic anhydride. In addition, aldehyde condensation products such as urea- 
, melamine-, or phenol-formaldehyde are useful curing agents. A variety of 
these materials are commercially available under several trademark 
designations, for example, BEETLE and CYMEL from American Cyanamid 
and RESIMENE from Solutia, Inc.. Other suitable curing agents include 
boron trihalide and complexes of boron trihalide with amines, ethers, phenols 
and the like; polymercaptans; polyphenols; metal salts such as aluminum 
chloride, zinc chloride and magnesium perchlorate; inorganic acids and partial 
esters such as phosphoric acid and n-butyl orthophosphite. It should be 
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understood that blocked or latent curing agents can also be utilized if desired; 
for example, ketimines that are prepared from a polyamine and a ketone. 

The amount of the epoxy resin and curing agent utilized can 
vary, but generally the equivalent ratio of epoxy to amine is within the range 
of from 0.05:1 to 10:1. Preferably, the epoxy to amine equivalent ratio is 
within the range of from 0.1:1 to 1:1, and more preferably within the range of 
0,3:1 to 0.9:1. 

Flame retarding properties are provided to the curable resin 
systems in the present invention by means of a fire retardant additive 
composition that includes a poiyhydroxy compound, a polyphosphate 
compound, a nitrogen-containing compound, and a polyvinylic compound. 

The poiyhydroxy compound serves as a char-former in the 
composition, and may comprise, for example, pentaerythritol and its 
oligomers, glycerol, trimethylolpropane, trimethylolethane, and 1,2,6- 
hexanetriol. Carbohydrates may also serve this purpose. The composition of 
the present invention contains the poiyhydroxy compound in amounts of 1 to 
50 percent by weight, preferably 5 to 30 percent by weight, the percentages 
being based upon the total weight of the resin system, including curing agent 
and catalyst, and all of the fire retardant additives. 

The composition includes a phosphorus compound as a source 
of phosphorous acid to be generated upon decomposition. The phosphorus 
compound may be selected from a variety of materials such as phosphoric 
acid, mono- and di-ammonium phosphate, phosphate esters such as tris-(2- 
chloroethyl)phosphate, phosphorus-containing amides such as 
phosphorylamide, and melamine phosphates. Preferably the source of 
phosphorous acid is an ammonium polyphosphate represented by the 
formula: 

(NH 4 ) n+2 P n 0 3n+1 
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wherein n is an integer of at least 2, preferably n is an integer of at least 20, 
typically on the order of 50 or more. Examples of such materials are those 
commercially available under the trademark designations PHOS-CHEK P\30 
from Solutia, Inc., and EXOLIT 422 from Clarion Corporation. The resin 
composition typically contains an amount of phosphorus compound in the 
range of 1 to 60 percent by weight, preferably 10 to 40 percent by weight, the 
percentages being based upon the total weight of the resin system, including 
curing agent and catalyst, and all of the fire retardant additives. The 
phosphorus is believed to function as a char promoter in the intumescent 
composition. 

The composition also includes a nitrogen-containing compound 
that serves as a source of expansion gas and may become a component of 
the char that is formed by exposure to fire. The expansion gas causes the 
fire retarding composition to foam and swell when exposed to high 
temperatures or flames. As a result of this expansion the char which is 
formed is a multi-celled material that serves to insulate and protect the 
underlying substrate. Examples of suitable nitrogen-containing materials 
include melamine, alkoxylated melamine, hexamethoxymethyl melamine, 
urea, dimethylurea, melamine pyrophosphate, dicyandiamide, guanylurea 
phosphate and glycine. Other conventional sources of expansion gas can 
also be used such as those materials which liberate carbon dioxide. The 
source of expansion gas is usually present in the resin compositions of the 
present invention in an amount ranging from 1 to 50 percent by weight, 
preferably 5 to 30 percent by weight, the percentages being based upon the 
total weight of the resin system, including curing agent and catalyst, and all of 
the fire retardant additives. 

Another component of the fire retardant additive of the present 
invention of the composition comprises one or more poiyvinylic unsaturated 
compounds. Particularly useful are polyacrylates. Suitable for this purpose 
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are a variety of polyacrylate monomers or oligomers that include two or more 
acrylate groups per molecule, preferably at least three acrylate groups. It 
should be understood that the term "acrylate" herein is intended to include 
acrylate or methacrylate groups. Compounds with single acrylate groups 
have been found to exhibit substantially less improvement in flame spread 
inhibition than those with two or more acrylate groups per molecule. A wide 
variety of types of polyacrylates appear to be useful in contributing to the 
improvements of the present invention, although it has been observed that 
the degree of improvement appears to decrease as the size of the 
polyacrylate molecule is increased. Preferred polyacrylates are those having 
backbones of a type that are known to contribute to char formation, for 
example those having alkylene or oxyalkylene backbones. Alternatively, 
char-forming backbones may be characterized by having less than twenty 
carbon atoms, preferably less than ten carbon atoms. Examples of suitable 
compounds include butanediol dimethacrylate, 1,3-butylene glycol diacrylate, 
1,3-butylene glycol dimethacrylate, cyciohexane dimethanol diacrylate, 
cyclohexane dimethanol dimethacrylate, diethylene glycol diacrylate, 
diethylene glycol dimethacrylate, ethoxylated bisphenol A diacrylate, ethylene 
glycol dimethacrylate, 1,6 hexanediol diacrylate, 1,6 hexanediol 
dimethacrylate, neopentyl glycol diacrylate, neopentyl glycol dimethacrylate, 
polyethylene glycol diacrylate, propoxylated 2 neopentyl glycol diacrylate, 
tetraethylene glycol diacrylate, tetraethylene glycol dimethacrylate, triethylene 
glycol diacrylate, triethylene glycol dimethacrylate, tripropylene glycol 
diacrylate, propoxylated glyceryl triacrylate, ethoxylated trimethylolpropane 
triacrylate, pentaerythritol triacrylate, propoxylated glyceryl triacrylate, 
propoxylated trimethylolpropane triacrylate, trimethylolpropane triacrylate, 
trimethylolpropane trimethacrylate, tris (2-hydroxy ethyl) isocyanurate 
triacrylate, dipentaerythritol pentaacrylate, di-trimethylolpropane tetraacrylate, 
ethoxylated 4-pentaerythritol tetraacrylate. Commercially available blends of 
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triacrylates and tetraacrylates have been found useful. The amount of 
polyacrylate in the resin composition is in the range of 1 - 40 weight percent, 
preferably 5-30 weight percent, based upon the total weight of the resin 
system and all of the flame retardant additives. 

The fire retardant polyacrylate component should be 
distinguished from the unsaturated monomers that may be included as a 
crosslinking agents in those resin systems that are based on unsaturated 
resins. Although it cannot be ruled out the polyacrylate may become involved 
in the crosslinking reactions of such systems, it has been observed that the 
fire retardant effect of the polyacrylates is also effective in those resin 
systems that do not involve curing by way of unsaturated groups. Therefore, 
the polyacrylate component of the present invention is considered to be 
separate from and in addition to any unsaturated curing agents required by 
the curable resin system portion of the composition. Also, the curing agents 
of the resin systems are generally mono-unsaturated. 

Optimized results were found to be attained when the 
components of the fire retardant additive included the polyphosphate 
component in amounts (by weight) at least as great as the amounts of the 
polyhydroxy component or the nitrogen-containing component, preferably as 
great or greater than the combined weights of the polyhydroxy component 
and the nitrogen-containing component. In general, these preferred 
embodiments also contained the polyacrylate component in amounts ranging 
from half that of either the polyhydroxy component or the nitrogen component 
to greater than that of the polyphosphate component. Although not intended 
to be a limitation on the broader aspects of the invention, the fire retardant 
composition of some of the preferred embodiments include the components in 
the following weight ratios with respect to each other: 

1 to 10 of the polyphosphate component; 

1 of the polyhydroxy component; 
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0.5 to 2 of the nitrogen-containing component; and 
0.5 to 2 of the polyacrylate component. 
The composition of the present invention can also contain a 
variety of conventional additives such as stabilizers, rheology control agents, 
flame spread control agents, and the like. These ingredients are, of course, 
optional and can be added in varying amounts. 

The invention will be further described in connection with the 
examples of specific embodiments. These examples are given as illustrative 
of the invention and are not to be construed as limiting it to their details. 

THE EXAMPLES 
The procedure for preparing the test composite panels was the 
same for each of the examples. The polyester or epoxy resin was added to a 
container and the acrylate monomer was then added, followed by two 
minutes of stirring. In those examples where it was included, cobalt was then 
added with one minute of stirring. At slow stirring speed, the polyol, 
polyphosphate, and melamine components were added in that order over a 
period of three minutes, and then dispersed for 15 minutes with high speed 
stirring. Again at slow speed stirring, the thickener was added, followed by 
high speed stirring for five minutes. In the polyester based compositions, 
catalyst was then added and mixed at low speed for three minutes. The 
mixture was poured into a tray made of MYLAR resin, forming an elongated 
pool 17 inches long, into which was pressed a plywood sheet that had been 
sealed with a polyester. MODAR 814 brand polyester from Ashland Chemical 
was used as the sealer for the plywood, mixed with a peroxide catalyst (1 % 
LUPERSOL DDM-9 methyl ethyl ketone peroxide from ELF Atochem North 
America) and a cobalt catalyst (0.15% Cobalt CEM-ALL from OMG Americas 
- 12 percent solution). Before use in the test, each sealed plywood sheet was 
sanded The dimensions of the plywood sheet were 6 inches by 18 inches 
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(1 5.2 cm by 45.7 cm). Shims 30 mils thick (0.76 millimeters) were employed 
to establish a fixed depth to which the plywood sheet was pressed into the 
liquid mixture. The plywood sheet was weighted and left in place for about 12 
hours to cure a film of the resin mixture on its face. 

The fire retardant propensity of each of the resin coated panels 
was tested by means of the flame spread test set forth in ASTM E 162. The 
test involved a radiant heat source in which each panel being tested was 
placed at an inclination such that the top was closer to the heat source than 
the bottom, with the resin coating facing the heat source. A factor (F s ) was 
derived from the rate of progress of the flame front on the panel, and another 
factor (Q) was a measure of the heat liberated by combustion of the material 
being tested. These two factors were multiplied to yield flame spread index 
(l s ) as the final test result. 

In Examples 1-4 the amount of acrylate monomer was varied 
while maintaining a 2:1:1 weight ratio of polyphosphate to polyol to amine. In 
these examples the resin was VEX 169-540 a vinyl ester and styrene blend 
from Interplastic Corp.; the peroxide catalyst was LUPERSOL DDM-9 methyl 
ethyl ketone peroxide from ELF Atochem North America; the acrylate 
monomer was SR-444 from Sartomer, a blend of pentaerythritol triacrylate, 
pentaerythritol tetraacrylate, and a proprietary acrylic ester; the 
polyphosphate was PHOS-CHEK P\30 regular grade from Solutia, Inc.; the 
polyol was PE 200 pentaerythritol from Hercules Aqualon Division; the amine 
was crystalline melamine from Melamine Chemical Co.; the thickener was 
Aerosil US202 fumed silica from Degussa; and the cobalt was Cobalt Cem-AII 
from OMG Americas (12 percent solution). In all of the Examples, the 
amounts of the compositional constituents are given in percent by weight of 
the total weight of all the constituents. 
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In Examples 5-1 0 the amount of acrylate monomer was 
maintained at approximately the same level as in Example 1 while varying the 
proportions of the polyphosphate, polyol, and amine components. The other 
constituents in Examples 5-10 were the same as in Examples 1-4, with the 
exception that the acrylate in Example 10 was SR351 trimethyloi propane 
triacrylate from Sartomer. 
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Composition: 














Resin 


43.15 


43.15 


42.85 


43.15 


42.85 


43.15 


Peroxide 


1.61 


1.61 


2.14 


1.61 


2.14 


1.61 


Polyacrylate 


10.79 


10.79 


10.71 


10.79 


10.71 


10.79 


Polyphosphate 


28.77 


28.77 


28.56 


0 


42.85 


21.57 


Polyol 


7.19 


0 


14.28 


21.57 


0 


10.79 


Amine 


7.19 


14.38 


0 


21.57 


0 


10.79 


Thickener 


1.14 


1.14 


1.13 


1.14 


1.13 


1.14 


Cobalt 


0.16 


0.16 


0.32 


0.16 


0.32 


0.16 


Results: 














F 


1.97 


3.26 


2.34 


5.42 


4.29 


1.82 


Q 


7.09 


15.04 


10.16 


21.74 


15.36 


6.06 


Is 


13.9 


49.0 


23.8 


117.8 


65.9 


11.0 
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In Examples 11, 12, and 13, the acrylate additive was varied 
while maintaining a 1:1:1 weight ratio of polyphosphate to polyol to amine. In 
Example 1 1 , the acrylate monomer was SR-444; in Example 12 it was SR- 
368D from Sartomer, a blend of trimethylolpropane triacrylate and tris (2- 
hydroxyethyl) isocyanurate triacrylate; in Example 13, no acrylate monomer 
was included. The other constituents remained the same as in Examples 1-4. 



Example: 


11 


12 


13 


Composition: 








Resin 


43.15 


43.15 


49.61 


Peroxide 


1.61 


1.61 


0.75 


Polyacrylate 


10.79 


10.79 


0 


Polyphosphate 


14.38 


14.38 


16.55 


Polyol 


14.38 


14.38 


16.55 


Amine 


14.38 


14.38 


16.55 


Thickener 


1.14 


1.14 


0 


Cobalt 


0.16 


0.16 


0.15 


Results: 








F s 


1.12 


1.12 


6.56 


Q 


3.23 


2.68 


9.69 


Is 


3.6 


3.0 


63.6 



In examples 14-18, other peroxide curable resins were 
substituted for the VEX 169-540 vinyl ester that was used in ail of the 
previous examples. In Examples 14-16, the resin was Dion FR 7704-00, a 
halogenated unsaturated polyester from Reichhold Chemicals that has been 
marketed as a fire retardant material. In Examples 17 and 18 the resin was 
Cook 953 WA41 1 from Cook Composites and Polymers, a gel coat 
composition, i.e., a composition adapted to be a smooth surface finish on a 
composite article. The other constituents were the same as in the previous 
examples with the following exceptions: the thickener in Example 14 was 
CABOSIL M-5 fumed silica from Cabot Corp., and in Example 15 the acrylate 
was methyl methacrylate. 
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Example: 


14 


15 


16 


17 


18 


Composition: 












Resin 


95.01 


44.77 


44.01 


41.31 


98.04 


Peroxide 


1.19 


0.89 


0.96 


1.55 


1.96 


Polyacrylate 


0 


4.43 


11.00 


10.33 


0 


Polyphosphate 


0 


0 


14.67 


13.77 


0 


Polyol 


0 


0 


14.67 


13.77 


0 


Amine 


0 


0 


14.67 


13.77 


0 


Thickener 


3.8 


0.72 


0 


0 


0 


Cobalt 


0 


0 


0 


0 


0 


Hyd rated Al 2 0 3 


0 


49.19 


0 


0 


0 


Results: 












F s 


6.06 


2.50 


1.00 


1.95 


4.80 


Q 


15.99 


16.30 


2.36 


4.73 


15.80 


Is 


96.9 


40.7 


2.4 


9.2 


76.4 



In Examples 19-21 the resin system was an epoxy cured with an 
amine in place of the polyester/peroxide resins used in the previous 
examples. The resin was EPON 828 bisphenol A epoxy from Shell Chemical, 
and the curing agent was EPICURE 3251, an aliphatic amine from Shell 
Chemical. The resin system also included a reactive diluent, CARDURA E- 
10, a glycidyl ester of neodecanoic acid from Shell Chemical. The acrylate 
additive was SR-444. The other constituents were the same as in Examples 
1-4. 
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Example: 


19 


20 


21 


Composition: 








Resin 


59.40 


39.40 


21.87 


Diluent 


15.08 


10.00 


5.56 


Curing agent 


25.52 


30.60 


16.99 


Polyacrylate 


0 


20.00 


11.12 


Polyphosphate 


0 


0 


22.23 


Polyol 


0 


0 


11.12 


Amine 


0 


0 


11.12 


Thickener 


0 


0 


0 


Cobalt 


0 


0 


0 


Results: 








F s 


10.69 


12.78 


7.30 


Q 


30.25 


26.23 


5.36 


Is 


323.4 


335.2 


39.1 



In Examples 22 through 26, the resin was the same vinyl 
ester/styrene product used in Examples 1-4, and the acrylate monomer was 
varied, with a triacrylate/tetraacrylate in Example 22, various diacrylates in 
Examples 23, 24, and 25, and a monoacrylate in Example 26. Example 27 
was a comparative composition with no fire retardant additives. Example 28 
was another comparative composition with a conventional combination of fire 
retardant additives, but with no acrylate monomer. The other constituents 
were the same as in Examples 1-4. 
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Example: 


22 


23 


24 


25 | 26 


Z { 


Zo 


Composition: 
















Resin 


43.08 


43.05 


43.08 


43.08 


43.05 


yo.bi 


4o. 51 


Peroxide 


1 .61 


1 .61 


A f A. 

1 .61 


1.61 


1 61 


u.yo 


1 .DO 


Polyacrylate/ 
Aery iaie 


10.77 a 


10.76 0 


Jk r\ — 7 — 7 C 

10.77 c 


10.77 


10. 7o 


u 


U 


Polyphosphate 


21.54 


21.53 


21.54 


21.54 


21.53 


0 


21.81 


Polyol 


10.77 


10.76 


10.77 


10.77 


10.76 


0 


21.81 


Amine 


10.77 


10.76 


10.77 


10.77 


10.76 


0 


10.90 


Thickener 


1.14 


1.21 


1.14 


1.14 


1.21 


3.25 


0 


Cobalt 


0.32 


0 32 


0.32 


0.32 


0.32 


0.29 


0.24 


Results: 
















F s 


1.31 


2.10 


2.84 


3.50 


8.28 


4.81 


5.23 


Q 


5.99 


5.04 


5.28 


8.11 


8.98 


16.46 


10.24 


is 


7.8 


10.6 


15.0 


28.4 


74.4 


79.2 


53.6 



3 SR295 from Sartomer, a mixture of pentaerythritol triacrylate and 
pentaerythritol tetraacrylate 

b SR213 1,4-butanediol diacrylate from Sartomer. 

c SR230 diethylene glycol diacrylate from Sartomer. 

d SR349 ethoxylated bisphenol A diacrylate from Sartomer. 

e SR285 tetrahydrofurfuryl acrylate from Sartomer. 

It will be appreciated by those of skill in the art that the invention 
has been described with reference to specific embodiments for the sake of 
providing disclosure of the best mode and that other variations and 
modifications can be resorted to within the scope of the invention as defined 
by the claims. 
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THE CLAIMS 

1 . A fire retardant additive composition adapted to be 
incorporated into a polymeric composition, comprising: 

a polyhydroxy compound, 

a polyphosphate compound, 

a nitrogen-containing compound, and 

a polyacrylate compound. 

2. The composition of claim 1 where the polyacrylate monomer 
comprises compounds having at least two acrylate groups. 

3. The composition of claim 1 where the polyacrylate monomer 
comprises compounds having at least three acrylate groups. 

4. The composition of claim 1 where the polyacrylate monomer 
is selected from the group consisting of pentaerythritol triacryiate, 
pentaerythritol tetraacrylate, isocyanurate triacrylates, and mixtures thereof. 

5. The fire retardant composition of claim 1 wherein the 
components are present in the following weight proportions relative to each 
other: 

1 to 10 of the polyphosphate component; 
1 of the polyhydroxy component; 
0.5 to 2 of the nitrogen-containing component; and 
0.5 to 2 of the polyacrylate component, 
of about 2:1:1. 

6. Afire retardant composition comprising: 
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a curable resin system, and 

a fire retardant combination comprising a polyhydroxy compound, a 
polyphosphate compound, a nitrogen-containing compound, and a 
polyacrylate compound. 

7. The composition of claim 6 where the polyacrylate monomer 
comprises compounds having at least two acrylate groups. 

8. The composition of claim 6 where the polyacrylate monomer 
comprises compounds having at least three acrylate groups. 

9. The composition of claim 6 where the polyacrylate monomer 
is selected from the group consisting of pentaerythritol triacrylate, 
pentaerythritol tetraacrylate, isocyanurate triacrylates, and mixtures thereof. 

10. The composition of claim 6 wherein the curable resin 
system comprises an unsaturated polymer and an unsaturated crosslinking 
agent different from said polyacrylate monomer. 

1 1 . The composition of claim 10 wherein the curable resin 
system further comprises a catalyst. 

12. The composition of claim 11 wherein the curable resin 
comprises an unsaturated polyester and the catalyst comprises a peroxide 
compound. 

1 3. The composition of claim 6 wherein the curable resin 
system comprises an epoxy oligomer or polymer and a crosslinking agent 
reactive with epoxy groups. 
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14. The fire retardant composition of claim 6 wherein the 
components are present in the following amounts: 

1 0 - 95 percent of the curable resin system 

1-60 percent of the polyphosphate component; 

1-50 percent of the polyhydroxy component; 

1-50 percent of the nitrogen-containing component; and 

1-40 percent of the polyacrylate component 
wherein the percentages are weight percent based upon total weight of the 
composition. 

15. The fire retardant composition of claim 6 wherein the 
components are present in the following amounts: 

30 - 60 percent of the curable resin system 

10-40 percent of the polyphosphate component; 

5-30 percent of the polyhydroxy component; 

5-30 percent of the nitrogen-containing component; and 

5-30 percent of the polyacrylate component; 
wherein the percentages are weight percent based upon total weight of the 
composition. 

16. A resinous composite structure comprising at least one 
resinous layer comprising: 

a curable resin system, and 

a fire retardant combination comprising a polyhydroxy compound, a 
polyphosphate compound, a nitrogen-containing compound, and a 
polyacrylate compound. 
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17. The resinous composite structure of claim 16 wherein the 
components are present in the following amounts: 

10-95 percent of the curable resin system 

1 - 60 percent of the polyphosphate component; 

1-50 percent of the polyhydroxy component; 

1-50 percent of the nitrogen-containing component; and 

1-40 percent of the polyacrylate component 
wherein the percentages are weight percent based upon total weight of the 
composition. 



18. The composition of claim 16 where the polyacrylate 
monomer is selected from the group consisting of pentaerythritol triacrylate, 
pentaerythritol tetraacrylate, isocyanurate triacrylates, and mixtures thereof. 



-22- 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Interr lal Application No 

PCT/US 00/24436 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C08K5/00 //(C08K5/00, 5:053, 5:523, 5:3492, 5:103) 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C08K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

PAJ, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 1995, no. 11, 

26 December 1995 (1995-12-26) 

& JP 07 216146 A (SEKISUI CHEM CO LTD), 

15 August 1995 (1995-08-15) 

abstract 

US 5 369 157 A (WIRTH RENE) 
29 November 1994 (1994-11-29) 
claims; examples 2-14 



1-4,6-10 



1-4,6-10 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

■A" document defining the general state of the art which is not 
considered to be of particular relevance 

■E - earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing dale but 
later than the priority date claimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



22 January 2001 



Date of mailing of the international search report 



05/02/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Friederich, P 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Intern al Application No 

PCT/US 00/24436 



Patent document 
cited in search report 



Publication 
date 



JP 07216146 



15-08-1995 



US 5369157 



29-11-1994 



Patent family 
member(s) 



Publication 
date 



NONE 


FR 


2656322 


A 


28-06-1991 


AT 


149192 


T 


15-03-1997 


CA 


2032761 


A 


22-06-1991 


CN 


1052683 


A, B 


03-07-1991 


CZ 


9006589 


A 


11-11-1998 


DE 


69029998 


D 


03-04-1997 


DE 


69029998 


T 


11-09-1997 


tr 




A 
M 


^1 — H7 — 1 QQ1 


ES 


2097756 


T 


16-04-1997 


FI 


906333 


A 


22-06-1991 


HU 


209137 


B 


28-03-1994 


IE 


904623 


A 


17-07-1991 


JP 


2042049 


C 


09-04-1996 


JP 


4117442 


A 


17-04-1992 


JP 


7049502 


B 


31-05-1995 


NO 


303126 


B 


02-06-1998 


PT 


96290 


A, B 


30-09-1991 


SK 


658990 


A 


13-04-1999 



Form PCT/ISA/210 (patent family annex) (July 1992) 



